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General Structure of an Amino Acid:  The R group or side
chain attached to the    carbon is different in each amino acid.α



Different conventions for showing the configurations in space
of  stereoisomers: In perspective formulas (b), the wedge-shaped bonds
project out of the plane of the paper, the dashed bonds behind it.  In projection
formulas, (c) the horizontal bonds are presumed to project out of the plane of the
paper, the vertical bonds behind it.



Stereoisomerism in     amino acids:  the     C is bonded to four different
groups and is thus a chiral center. The tetrahedral arrangement of bonding
orbitals around the     C means the four groups can occupy two different spatial
arrangements that are non-superimposible images of each other.  These two
forms represent a class of stereoisomers called enantiomers, and are optically
active.
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Absorption of Light by Molecules: The Lambert-Beer Law
The fraction of the incident light absorbed by a solution at a given wavelength is
related to the thickness of the absorbing layer (path length) and the concentration

of the absorbing species.  The absorbance is directly proportional to the
concentration of the absorbing solute.

Measurement of Amino Acids and Peptides



Absorbance of ultraviolet
light by aromatic amino
acids:

The light absorbance of
tryptophan (W) is as much as
fourfold higher than that of
tyrosine (Y).  The absorbance
maxima for both W and Y
occur near a wavelength of
280nm.  Light absorbance by
the third aromatic amino acid,
phenylalanine (F, not shown),
generally contributes little to
the absorbance properties of
proteins.



Reversible formation of a disulfide bond by the oxidation of two molecules
of cysteine (C):  Disulfide bonds between C residues stabilize the structures of

many proteins. Note that, although C is a polar AA, the disulfide-linked
residues (Cystine) are strongly hydrophobic.



Nonstandard amino acids found in proteins:  All are derived
from standard amino acids.  Extra functional groups added by
modification reactions are shown in red.  Desmosine is formed
from four Lysine (K) residues.



Nonstandard amino acids:  Ornithine and Citrulline, which are not
found in proteins, are intermediates in the biosynthesis of arginine
and in the urea cycle.
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Nonionic and Zwitterionic forms of amino acids:  The nonionic
form does not occur in significant amounts in aqueous solutions.
The zwitterion predominates at neutral pH.



Amino Acids Have
Characteristic Titration
Curves:  Shown here is the
titration curve of 0.1M glycine
(G) at 25oC.  The ionic species
predominating at key points in
the titration are shown above the
graph.  The shaded boxes,
centered at about pK1 = 2.34 and
pK2 = 9.60, indicate the regions
of greatest buffering power.



. Effect of the chemical environment on pKa:  the pKa values for the ionizable
groups in glycine (G) are lower than those for simple, methyl-substituted amino and
carboxyl groups.  These downward perturbations of pKa are due to intramolecular
interactions.  Similar effects can be caused by groups that happen to be positioned
nearby – for example in the active site of an enzyme



Titration Curves Predict the
Electric Charge of Amino
Acids:  At pH 5.97, glycine is
present predominantly as its
dipolar form, fully ionized but
with no net electric charge.
The characteristic pH at which
the net electric charge is zero is
called the isoelectric point,
designated pI.  For glycine,
which has no ionizable groups
in its side chain, the isoelectric
point is simply the arithmetic
mean of the two pKa values.



Amino Acids Differ in Their
 Acid-Base Properties

• Amino acids with an ionizable R group have more
complex titration curves, with three stages corresponding
to the three possible ionization steps; thus they have three
pKa values.

• The additional stage for the titration of the ionizable R
group merges to some extent with the other two.

• The isoelectric points reflect the nature of the ionizing R
groups present.



Titration Curve for
Glutamate (E):  Glutamate
has a pI of 3.22, considerably
lower than that of glycine.
This is due to the presence of
two carboxyl groups which, at
the average of their pKa
values (3.22), contribute a net
negative charge of –1 that
balances the +1 contributed
by the amino group.  The pKa
of the R group is designated
here as pKR.



Titration Curve for Histidine
(H):  The pI of Histidine, with
two groups that are positively
charged when protonated, is
7.59 (the average of the pKa
values of the amino and
imidazole groups). Note that
Histidine has an R group
(pKR=6.0) providing significant
buffering power near neutral pH.
No other amino acid has an
ionizable side chain with a pKa
value near enough to pH 7.0 to
be an effective physiological
buffer.




